Purpose: The aim of this study was to analyze the treatment outcomes of alternating chemoradiotherapy (ACRT) for nasopharyngeal carcinoma (NPC) and to assess the safety and efficacy of this treatment. Materials and Methods: Twelve patients with stage II-IVB NPC were treated with ACRT in our hospital between 2005 and 2011. The radiotherapy period was divided into two components. In the first half, patients received 36 Gy to the whole neck field. In the second half, patients received 30~34.2Gy to the shrinking field to the primary and involved lymph nodes. A course of chemotherapy comprised of fluorouracil at a dose of 800 mg/m 2 /day was administered for 5 days (day 1-5), and cisplatin at 50 mg/m 2 /day was administered for 2 days (day 6-7). A total of three courses of chemotherapy were performed systemically before starting radiotherapy, after completing the first half of radiotherapy and after completing the second half of radiotherapy. Results: The planned radiation dose was achieved for all patients. Ten of the 12 patients completed the three courses of chemotherapy as planned. The remaining two patients completed only two courses because they refused, not due to adverse events. The five-year overall survival rate was 83%, the progression-free survival rate was 67%, the locoregional progression-free survival rate was 75%, and the distant-metastasis free survival rate was 92%. With regard to acute adverse events, the incidence of grade ≧3 hematotoxicity was 33%, and the nonhematotoxicity event was only one case of grade 3 mucositis. No late adverse events of grade ≧3 occurred. Conclusion: ACRT offered an excellent completion rate and could be safely conducted. Although a limited numbers of subjects were considered in this study, the outcomes of ACRT were favorable in terms of safety and efficacy.
Introduction
Nasopharyngeal carcinomas (NPCs) are highly radiosensitive. Moreover, NPC lesions are located where surgery is technically difficult because of the proximity to the skull base. Therefore, radiotherapy is the first-line curative treatment for patients in early to advanced stages. Since both lymph node metastasis and distant metastasis occur frequently, chemotherapy is used as a rule. In recent years, treatment outcomes for carcinomas of the head and neck, particularly those in an advanced stage, have been improved through the use of chemoradiotherapy. Among methods of combining radiotherapy and chemotherapy, concurrent chemoradiotherapy (CCRT) has proved superior to treatment with radiotherapy alone in randomized controlled trials (RCTs) and meta-analysis 1) , and alternating chemoradiotherapy (ACRT) has also been shown to be effective 2) . As described above, NPC is characterized by frequent dis- tant metastasis, and high-dose chemotherapy is desirable for suppressing metastasis. In line with this notion, a method composed of CCRT using cisplatin (CDDP) and subsequent adjuvant chemotherapy (Adj) using CCDP and fluorouracil (5-FU) (CCRT +Adj) have been developed. This method has been demonstrated to be significantly more effective than radiotherapy alone in RCTs, and is now practically the standard method of treatment [3] [4] [5] . In ACRT, sufficient dosing in both radiotherapy and chemotherapy is expected to be feasible while maintaining a low incidence of adverse events by dividing the radiotherapy period into two components, alternating radiotherapy with chemotherapy. This approach is considered suitable for NPC treatment, and is widely performed in Japan [6] [7] [8] . Several studies have reported higher or at least similar results of ACRT compared with those of CCRT+Adj. In 2005, our hospital adopted the same ACRT regimen used in the study of Fuwa et al. 6) for treating NPC cases of stage≧II. In this study, we retrospectively analyzed the outcomes of this treatment and compared them with previously reported results of standard CCRT +Adj therapy to assess the efficacy and safety of ACRT.
Materials and Methods

Patients
Subjects were 12 patients with NPC who underwent ACRT at our hospital between 2005 and 2011. Squamous cell carcinoma was confirmed in all patients and all NPCs were in stage II-IVB B according to the 6th edition of the Union for International Cancer Control (UICC) staging system. These 12 patients were all cases with NPC in stage≧II, consecutively detected at our hospital between 2005 and 2011. Patients were in good general condition (the Eastern Cooperative Oncology Group performance status of 0-2), with good bone marrow, kidney, and liver functions. MRI and CT were performed on all patients for evaluation of the progression of the primary and neck lesions. Chest and abdominal CT were performed for evaluation of the presence or absence of distant metastasis. Fig. 1 shows the treatment schedule. Patients were treated with ACRT in which radiotherapy and chemotherapy were performed alternately. The radiotherapy period was divided into two halves, while the chemotherapy was conducted in three parts: one before the first half of radiotherapy, one after finishing the first half, and the last one after the second half of radiotherapy was completed.
Treatment methods
Radiotherapy
Each half of radiotherapy began two to three days after the preceding chemotherapy course was completed. Radiotherapy involved irradiation with 6-10MVX beams using a linear accelerator. The irradiation field in the first half of radiotherapy was the whole neck irradiation field from the skull base to the supraclavicular fossa. Patients were irradiated with daily fraction of 1.8-2Gy and received 36Gy of radiation in the first half. The second half of radiotherapy began after the second course of chemotherapy. The patients received 30-34.2Gy to the shrinking field to the primary lesion and involved lymph nodes. The to- 
Chemotherapy
In each course of chemotherapy, 800 mg/m 2 /day of 5FU was administered for 5 days (day 1-5), and 50 mg/m 2 /day of CDDP was administered for 2 days (day 6-7). The second and third courses began two to three days after the preceding radiotherapy was completed.
Follow-up and analysis
As a rule, follow-up observations were conducted at 1-month interval in the first year after treatment, at 2-month interval in the second and third years, and at an interval of four to six months from the fourth year onward. Follow-up imaging was conducted once a year, including neck and chest CT. Recurrence and distant metastasis were checked by MRI and positron emission tomography (PET)-CT as needed.
We assessed the completion rate for ACRT. As treatment outcomes, the locoregional progressionfree survival rate (LRPFS), overall survival rate (OAS), progression-free survival rate (PFS), and distant-metastasis free survival rate (DMFS) were computed with the Kaplan-Meier method. Recurrence patterns were also investigated. Adverse events were evaluated according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) v 3.0.
This study was conducted with approval by the Ethics Committee of St. Marianna University School of Medicine (approval no: 889). Table 1 shows the patient characteristics. The male to female ratio was 7:5. Pathological results indicated squamous cell carcinoma for all patients, and no type I case was found according to WHO classifications. The numbers of patients with T1, T2a, T2b, T3, and T4 were 5, 1, 1, 0, and 5 respectively. For N factor, 1, 5, 5, and 1 patient were N0, N1, N2, and N3, respectively. With regards to stages, 1, 2, 3, 5, and 1 patients were stage IIa, IIb, III, IVa, and IVb, respectively. Performance status was evaluated to be 0~1 in all patients. The median and range of age were 57 years and 41-77 years. The median and range of the observation period were 74 months and 41-105 months.
Results
Patient characteristics
Feasibility
The planned radiation dose was achieved for all patients. The total radiation dose ranged from 68-70.2Gy, with a median value of 70.2Gy. Of all 12 patients, 10 patients completed the three courses of chemotherapy as planned, while two patients completed two courses only. Discontinuation of chemotherapy for the two patients was not due to adverse events, but because they refused to continue. One of the two patients refused the second course of chemotherapy, but did complete all radiotherapy and one course of chemotherapy after completing radiotherapy. The other patient refused the third course of chemotherapy after completing radiotherapy. The former was a stage II patient and experienced no recurrence or adverse event after 74 months post-treatment. The latter was a stage IVa patient, and developed lung metastasis 14 months after the treatment. Although the primary lesion and cervical region remained controlled, the patient died from the primary disease 41 months after ending treatment.
Treatment outcomes
Complete remission was achieved in all patients, but the disease relapsed in four patients. Recurrence occurred in the primary lesion in two patients, in the primary lesion and cervical region in one patient, and distant metastasis (lung) in one patient. The five-year LRPFS was 75% (95% confidence interval, 50.5-99.7%) (Fig. 2) , and the five-year DMFS was 92% (95% CI, 77.6-100%) (Fig. 3) . In one of the two patients with recurrence in the primary lesion, the disease relapsed 36 months after the treatment, but was controlled by stereotactic radiotherapy with a cyber knife. This patient had no illness as of 91-months after treatment. The other patient had recurrence 7 months after the treatment, underwent systemic chemotherapy, and was surviving with cancer as of 57-months after treatment. In the patient with primary lesion and cervical region recurrence, the disease relapsed in the cervical region 8 months after the treatment and was controlled by neck dissection, but the patient had the primary lesion recurrence 24-months after treatment and died of the primary disease 38-months after treatment. In the case of distant metastasis, the patient developed lung metastasis 14 months after the treatment and died from the primary disease 41-month after treatment. A total of two patients thus far died as described above, the cause of death for both being the primary disease. The five-year OAS was 83.3% (95% CI, 62.2-100%) and PFS was (Fig. 4) . Table 2 shows adverse events. With regard to acute adverse events, hematotoxicity events included three cases of leukopenia and three cases of anemia of grade≧3; the remaining cases were grade≦2. With regard to non-hematologic adverse events, all patients experienced mucositis, dermatitis and dry mouth of grade≧1, but the event of grade≧3 was only one case of mucositis. All late adverse events were grade≦1, except for two grade 2 cases of otitis middle and one grade 2 case of dry mouth. Dry mouth of grade≧1 occurred in all patients as an acute adverse reaction. It improved over time, but persisted in many cases until the late stage.
Toxicity
Discussion
Radiotherapy is indicated for treatment of NPC at any stage because of its high susceptibility to radiation and associated anatomical conditions that make surgical treatment technically demanding. Yeh et al. reported treatment outcomes from radiotherapy alone in 849 patients divided according to the clinical stage 9) . According to their report, the five- Table 3 . Treatment Outcomes of CCRT+Adj or ACRT for Nasopharyngeal Carcinoma tively. The results are not satisfactory for stage ≧II, particularly for stage III and IV. The reported fiveyear LRPFS was 78.4% and the five-year DMFS was 74.7%, although these were values for all disease stages combined. There seems to be a room for improvement also in terms of locoregional control and suppression of distant metastasis. Thus the combined use of radiotherapy and chemotherapy has been attempted for a long time to improve therapeutic outcomes.
Two meta-analysis studies on the effects of chemoradiotherapy versus radiotherapy alone for NPC showed that the addition of chemotherapy contributed to the five-year OAS by 4-6% and to the five-year PFS by approximately 10% compared to those in radiotherapy alone, and that the concurrent use of radiotherapy and chemotherapy (CCRT) was the most effective type of combination therapy 10)11) . In CCRT studies selected in these meta-analyses, a commonly used regimen involved adjuvant chemotherapy following CCRT (CCRT+Adj), which is currently the standard treatment for NPC. The intent of this method is to perform intensive chemotherapy as adjuvant therapy after CCRT to make the most use of high-dose chemotherapy for suppression of distant metastasis and avoid a completion rate drop likely to occur if intensified chemotherapy is performed concurrently with radiotherapy. The upper part of Table  3 shows the outcomes in trial arms in major RTC studies comparing CCRT+Adj and treatment with radiotherapy alone 3-5)12) . Most of these studies followed the regimen used in inter group study (IGS) 0099 3) . Radiotherapy was performed in the conventional fractionation with a total dose of 70 Gy, and the chemotherapy component of CCRT was a three-course administration of 100 mg/m 2 CDDP at three-week interval. For post-CCRT adjuvant therapy, 80 mg/m 2 /day of CDDP (day 1) + 1000 mg/m 2 /day of 5FU (day 1-4) were administered in one course, and three courses were performed at four-week interval. In these four studies, the reported outcomes for CCRT+Adj were significantly better than those for radiotherapy alone, except for the study of Lee et al. 12) . Subjects in these studies were stage III-IVb patients. The reported 2-3-year outcomes include OAS of 70-80%, DFS of 69-72%, LRPFS of 92-98%, and DMFS of 76-87%. Grade≧3 or acute adverse events, however, occurred at high incidence rates ranging from 60 to 83%. While the completion rate for radiotherapy was satisfactory, only 55-70% of patients completed the intended number of chemotherapy courses, representing a problem remaining to be solved.
Here, we evaluated the suitability of the ACRT regimen adopted by our hospital for treating NPCs, in which sufficient doses are administered by dividing the radiotherapy period into two components, alternating radiotherapy with chemotherapy. Because no RCT has been conducted to compare the outcomes of ACRT and radiotherapy alone in NPC patients only, a RCT including other types of head and neck cancer in addition to NPC is desirable. Merlano et al. have compared ACRT, in which CDDP+5FU and radiotherapy were repeated alternately, to radiotherapy alone in patients with unresectable, locally advanced head and neck cancer, and reported that ACRT produced significantly better results based on the fiveyear OAS of 24% vs. 10%, PFS of 21% vs. 9%, and LRPFS of 64% vs. 32% 2) . Fuwa et al., who played a central role in ACRT research in Japan, have reported an excellent three-year OAS of 80% in their early study of stage III-IV patients 13) . Following this report, a majority of global studies on ACRT for NPC have been reported from Japan. The lower part of Table 3 shows the results of various recent studies, including ours. All included studies focused on stage II-IVb cases, except for that by Goto et al. 7) . The treatment schedules in all four studies were similar. The treatment outcomes of our study (the five-year OAS, 83%; PFS, 67%; LRPFS, 75%; and DMFS, 92%) were comparable to those of the other three studies. When comparing the outcomes of ACRT to those of CCRT+Adj, one should be aware that subjects were in different stages of disease and CCRT +Adj was applied in cases of stage≧III, whereas ACRT was mostly applied in cases of stage≧II. Nevertheless, approximately 80% of the cases that received ACRT were stage≧III in all studies. In contrast, the evaluation time point differed in favor of CCRT+Adj, as its outcomes were measured 2-3 years after treatment whereas all ACRT outcomes were measured after 5 years. Given this difference, we can conclude that the outcomes of both regimens were nearly equivalent. The five-year DMFS data of 88-92% obtained using ACRT indicate its contribution to suppression of distant metastasis, which is an objective of high-dose chemotherapy.
Regarding acute toxicity, the incidence of hematotoxicity of grade≧3 was 33% in our study. In addition, a case of mucositis (8%) was the only non-hematotoxicity, demonstrating the safety of this treatment. In the other three ACRT studies, the incidence rates for hematotoxicity and non-hematotoxicity of grade≧3 were 45-67% and 22-38%, respectively. Meanwhile, the incidence rates for acute toxicity (both hematologic and non-hematologic) of grade≧3 reported for CCRT+Adj were 63-83%. Although late toxicity was described only in a limited number of reports, no late toxicity reactions of grade≧3 occurred in our study. Moreover, Goto et al. have reported this rate to be only 4.8% using ACRT. For CCRT+Adj, however, Lee et al. have reported a 20% incidence of grade≧3 cases, indicating that ACRT is associated with fewer adverse events.
With regard to treatment completion rates, both types of treatment demonstrated high completion rates for the radiotherapy component. However, the completion rates of the scheduled chemotherapy courses were 70-90% for ACRT and only 55-70% for CCRT+Adj, indicating that ACRT was superior in terms of the completion rate in the chemotherapy component.
Consequently, although limited numbers of subjects were considered in this study, the outcomes of ACRT were favorable in terms of safety and efficacy. In the future, a controlled clinical trial to compare the outcomes of ACRT with those of CCRT+Adj, the standard method of treatment, should be performed.
